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Introduction
An ideal spine injury classification system is able to both guide treatment and facilitate clear communication between the surgeons, researchers, and trainees. Early classifications such as the Denis classification and Magerl classification described the thoracolumbar spine and were later extended to describe cervical spine injuries.
1,2 More recently, dedicated classification systems for the thoracolumbar and subaxial cervical spine have been published or presented, 3, 4 including the AOSpine Thoracolumbar Spine Injury Classification System and the AOSpine Subaxial Cervical Spine Injury Classification System.
5,6
The AOSpine Thoracolumbar Spine Injury Classification System initially separates fractures into one of three morphologic types (►Fig. 1)
5
: type A, the compression injuries; type B, the injuries associated with a failure of the anterior or posterior tension band without evidence of translation; and type C, the translational injuries resulting from the failure of all the stabilizing elements leading to a complete disruption of the bony and soft tissue hinge. Type A (►Fig. 2) and type B (►Fig. 3) fractures are further separated into five and three subtypes, respectively. Next, the patient is assigned one of five neurologic grades 5 : N0, the patient is neurologically intact; N1, the patient had a transient neurologic deficit; N2, the patient has persistent symptoms or signs of a nerve root injury; N3, the patient has an incomplete spinal cord injury or a cauda equina injury; N4, the patient has a complete spinal cord injury; and NX, the neurologic examine of the patient cannot be obtained. Finally, the classification allows for patient-specific modifications: M1 denotes a possible ligamentous injury to the tension band that may necessitate surgery, and M2 denotes injury-specific morbidities, such as ankylosing spondylitis, polytrauma, significant medical comorbidities, among others, that may alter the recommended treatment.
Initially substantial inter-and intraobserver reliability of the AOSpine Thoracolumbar Spine Injury Classification System was reported in a group of highly trained academic spine surgeons (0.72 and 0.77, respectively), 5 and later moderate interobserver reliability (kappa ¼ 0.56) of the system was reported in 100 surgeons from all regions of the world who had no prior knowledge of the system. 7 Utilizing an injury severity score for each variable in the classification, 8 Kepler et al proposed a Spine Injury Score (►Table 1) to accompany the new classification. 9 Although the surgical threshold has yet to be established, the Spine Injury Score will be used to help guide treatment. Given the regional variation in treatment of thoracolumbar trauma, significant research has been performed attempting to determine the need for a regional interpretation of the Spine Injury Score; however, little has been written about the possible need for altering the surgical threshold based on the injury location within the thoracolumbar spine. There are significant differences in both the bony morphology and the neural elements between the upper thoracic spine and the lower lumbar spine, and these differences may significantly affect the ideal treatment algorithm. This aim of this narrative review, which collates the expertise of a multidisciplinary group of experienced spine surgeons in the AOSpine International Trauma Knowledge Forum, is to highlight two possible difficulties in the development of a single surgical algorithm for the entire thoracolumbar spine.
The Cervicothoracic Junction
Although a universally accepted definition of the cervicothoracic junction has not been defined, with different authors reporting C7-T1, C6-T2, and C6-T3 as the cervicothoracic junction, this review will consider fractures between C6-T3 as the cervicothoracic junction. Fractures at this region account for 2.4 to 4.5% of spine fractures, 10 and although these injuries may technically occur in the thoracic spine, they often behave similar to subaxial cervical fractures with 60 to 83% of these injuries resulting in neurologic impairment. 11,12 The higher incidence of neurologic injuries at this level is likely multifactorial. First, the upper thoracic spinal canal is particularly narrow, leading to an increased risk of neurologic compression with any canal compromise. Additionally, the cervicothoracic junction down to T4 is a watershed area for the blood supply to the spinal cord. The terminal branches of the vertebral, thyrocervical, and costoclavicular branches of the subclavian artery supply the caudal cervical spinal cord, and the radicular vessels from the proximal intercostal arteries provide the blood supply to the cephalad thoracic spinal cord. 11 Comparatively, significant canal compromise in the lumbar spine may or may not be associated with a major neurologic injury, as the spinal cord terminates around L2 and the cauda equina has a much higher tolerance for compressive lesions.
13
The upper thoracic vertebrae also are morphologically more similar to cervical vertebrae than lumbar vertebrae. Stanescu et al reported on the bony characteristics of 128 vertebrae in 16 spines between C5 and T5, and they found a similar pedicle length and laminar height and width between the C7 vertebrae and the T1 vertebrae.
14 Additionally, despite a statically significant increase in the width of the T1 pedicle compared with the C7 pedicle (7.8 versus 6.5 mm, p < 0.05), the pedicle width decreases between T2 and T5, such that it more closely resembles that of the cervical spine than the the cervicothoracic junction and the lumbosacral junction have properties unique to these junctional locations. The specific characteristics of injuries in these regions may alter the most appropriate treatment, and so surgeons must use clinical judgment to determine the optimal treatment of these complex fractures.
lumbar spine. [14] [15] [16] Furthermore, the lamina pedicle angle is fairly consistent from C7 (88.3 degrees) to T2 (90.5 degrees), but then it slowly increases to 96.7 degrees at T5. 14 The clinical relevance behind these morphologic similarities can be seen in the comparable prevalence of injuries such as fracture-dislocations, burst fractures, and facet subluxation/ dislocations in the subaxial cervical and upper thoracic spine.
10
Fig . 2 The subtypes of compression injures: A0, spinous/transverse process fracture; A1, compression/wedge fracture; A2, pincer fracture; A3, incomplete burst/burst with a single end plate involved; A4, complete burst/burst with both end plates involved.
5 Fig. 1 The three types of thoracolumbar fractures: type A, compression injuries; type B, injuries associated with a failure of the anterior or posterior tension band without evidence of translation; and type C, translational injuries resulting from the failure of all elements leading to complete disruption of the bony and soft tissue hinge.
Although the upper thoracic spine more closely resembles the subaxial cervical spine than the lumbar spine, it also has some properties more consistent with the remainder of the thoracic spine than the cervical spine. The facet orientation undergoes a significant change at the cervicothoracic junction, with the facet angle changing from 86 degrees at C7 to 69 degrees at T2 (►Fig. 4A) and the disk facet angle rapidly (►Fig. 4B) changing from 123 degrees at C6 to 107 degrees at T2. 17 Additional morphologic similarities between the upper thoracic spine and the remainder of the thoracic spine include the prominent transverse processes and the stabilizing costovertebral joint. Although the upper thoracic spine has characteristics of both the subaxial cervical spine and the caudal thoracic spine, there are anatomic features unique to the upper thoracic spine that present specific challenges to the treating surgeon. The change from cervical lordosis to thoracic kyphosis, along with the significant increase in the stiffness of the thoracic spine, makes fractures in this region particularly prone to developing progressive kyphosis
18
; the successful stabilization of these injuries is difficult as the placement of upper thoracic pedicle screws is challenging given the small pedicle size. Additionally, the presence of the heart and great vessels prohibit an anterior approach to T2-T4; however, performing a complete posterior decompression around the spinal cord is challenging. Manipulation of an already damaged spinal cord can result in permanent neurologic injuries, but the failure to expeditiously decompress the spinal cord will lead to a decreased rate of meaningful neurologic recovery.
19

Low Lumbar Fractures
Low lumbar burst fractures (L3-L5) are relatively rare fractures, accounting for 1.2% of all spine fractures, 20 and this is Fig. 3 The subtypes of tension band injuries: B1, transosseous disruption; B2, posterior tension band injury; B3, anterior tension band injury.
5 Table 1 The Spine Injury Score that accompanies the AOSpine Thoracolumbar Injury Classification System due to the unique anatomy of the lower lumbar spine. The stout iliolumbar ligaments afford significant stability to the caudal lumbar vertebrae, and the segments caudal to the pelvic brim and the apex of the lumbar lordosis are somewhat protected from trauma. [21] [22] [23] [24] [25] However, recently there has been an increased interest in the treatment of these injuries after Lehman et al reported that lower lumbar burst fractures account for 60% of combat-related thoracolumbar fractures in the United States military. 24 The authors postulate that this is due to the advent of a new body armor, which provides increased rigidity in the upper lumbar spine, effectively moving the transition zone between the rigid and stable segments into the low lumbar spine. Furthermore, the improvised explosive devices used by combatants in Afghanistan and Iraq result in a violent axial force.
24
Historically, many authors have advocated the nonoperative treatment of low lumbar burst fractures, as the biomechanical environment of the low lumbar spine is significantly different from that of the thoracolumbar junction. 20, 21, 25 At the thoracolumbar junction, the immediate transition from the rigid thoracic spine to the more mobile lumbar spine creates a fulcrum that may lead to an increased risk of instability affecting the upper lumbar spine more than the better-protected lower lumbar spine. 21, 23, 24 Moreover, the center of gravity at the thoracolumbar junction is located in the anterior column of the spine, therefore predisposing fractures at this level to develop progressive kyphosis. 24 In contrast, caudal to L2 the center of gravity is located posterior to the vertebral body, leading to a more evenly distributed axial force across the fractured vertebra. 24 Butler et al reported on 14 neurologically intact patients with an L5 burst fracture. 21 Ten were treated nonoperatively and four underwent an L4-S1 instrumented posterolateral fusion. No substantial radiographic difference was identified, with nonoperative patients having 10 degrees of kyphosis compared with 11 degrees in the operative group. However, the nonoperative group reported less pain and improved function at a mean follow-up of 71 months. 21 Similarly, Seybold et al reported on 42 patients with low lumbar burst fractures;
22 patients underwent either an anterior, posterior, or combined decompression and fusion. 25 Surgical patients had a nonsignificant (p < 0.40) improvement in radiographic alignment (9.8 degrees of lordosis compared with 1.9 degrees), but there was no difference in the ability of the patient to return to work or the functional outcomes between the groups. Although historic studies have not demonstrated a short or midterm benefit to operative treatment of low lumbar burst fractures, the importance of sagittal balance is a relatively recent concept that has not been reported in any of the aforementioned studies. A fracture at the thoracolumbar junction resulting in neutral or slightly kyphotic focal alignment represents little change from the natural alignment, as the normal lordosis between T12 and L2 is 1.7 degrees.
26
However, the normal alignment between L4 and S1 is 49.2 degrees of lordosis, 26 so an injury leading to the neutral alignment in the L5 vertebra significantly alters the overall alignment of the spine and dramatically affects the patient's sagittal balance. Although the long-term effects of this altered alignment have not been reported in the spine trauma literature, the deformity literature is clear in demonstrating that a pelvic incidence-lumbar lordosis mismatch leads to significantly inferior health-related quality-of-life outcome measures.
27-29
Undoubtedly, further studies evaluating the sagittal balance of patients with low lumbar burst fractures are needed; however, it is unclear if this is improved with acute surgical intervention. Both Butler et al and Seybold et al reported no significant difference in the radiographic parameters of patients treated with or without surgery. 21, 25 However, in a study that included 365 neurologically intact patients with a thoracolumbar compression or burst fracture, Reinhold et al reported an improved ability to restore and maintain lordosis in patients who underwent a combined anterior and posterior procedure. 30 Similarly, in a study of 45 patients with thoracolumbar fractures, Schnake et al reported the ability to correct and maintain the alignment over a 5-year period if a combined anterior and posterior approach was used. In addition to low lumbar burst fractures, fractures of the L5-S1 facet joint present a unique set of challenges to the treating physician. Although these fractures may occur in isolation, it is also possible that they are the cephalad extension of a sacral fracture resulting in spinopelvic instability.
32
The treatment algorithm for these complex fractures is significantly different than for the fractures throughout the rest of the thoracolumbar spine, and a separate AOSpine sacral classification system is being developed.
Specifically, although the need for early decompression in patients with an injury leading to a neurologic deficit in the thoracic and lumbar spine is clear, 19 the role for an urgent formal decompression in fractures at the lumbosacral junction is debated in the literature. In one study, Schildhauer et al reported on 22 patients with a neurologic deficit from vertically unstable sacral fractures, and the authors did not perform a formal decompression. 33 However, in a separate study published the same year, Schildhauer et al reported on 18 patients with complete bowel and bladder dysfunction from a U-type sacral fracture resulting in lumbopelvic dissociation, and all patients underwent a formal decompression. 34 Although there is significant heterogeneity in the two patient populations with regard to the severity of injury and the timing of surgery, only 6/22 patients (27%) who did not undergo a formal decompression had any signs of neurologic recovery, whereas 15/18 patients (84%) who underwent a formal decompression had at least partial neurologic recovery.
33,34
In addition to the neurologic differences, the surgical technique for fractures of the lumbosacral junction varies significantly from fractures of the cephalad thoracolumbar spine. Spinopelvic fixation is required for these fractures, and cadaveric studies have demonstrated an enhanced stability with a triangular osteosynthesis (a technique utilizing both spinopelvic fixation and either sacroiliac or trans-sacral screw fixation).
35,36
Conclusion
The new AOSpine Thoracolumbar Spine Injury Classification System was developed to facilitate the communication and guide the treatment for thoracolumbar trauma. Although the classification and Spine Injury Score have been published, the surgical threshold is still being investigated.
5,9 However, the current review details two areas that will present a challenge to the forthcoming global algorithm for the management of thoracolumbar trauma. Fractures at the cervicothoracic junction and the lumbosacral junction have some properties similar to the remaining thoracolumbar spine, but they also have properties unique to these junctional locations. The criteria to decide on the outcome of injuries in these separate areas may be different. A survey is now being conducted by the AOSpine among spinal surgeons to define which factors are deemed relevant for the short-and long-term outcome in these different areas. Because of the unique properties of fractures at the cervicothoracic junction and lumbosacral junction, injuries at these areas will require surgeons to use their clinical judgment to determine if the fracture is best classified with the new AOSpine Thoracolumbar Spine Injury Classification System, the AOSpine Subaxial Cervical Spine Injury Classification System, or the upcoming AOSpine Sacral Injury Classification System. This manuscript was the work of the AOSpine Trauma Knowledge Forum. Each author was involved in the initial planning of this manuscript, designing the concept of the manuscript, and critically revising the manuscript. This manuscript is part of a much larger project designed to determine a surgical algorithm based off of the AOSpine Thoracolumbar Injury Classification. AOSpine is a clinical division of the AO Foundation-an independent, medically guided, not-for-profit organization. The AO has a strong financial independence thanks to the foundation's endowment. The annual operating activities are financed through three pillars: Collaboration and support agreements with DePuy Synthes and other industrial partners, return on own financial assets and other third-party income (e.g., participant fees, R&D projects, memberships).
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